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PREFACE. 

In  the  investigation  at  hand  .<e  were  interested 
in  observing  the  delay  experienced  between  tne  fus- 
ing of  a  head  on  a  dry  pipe  Sprinkler  System  and  the 
arrival  of  water  at  the  fused  head.   It  was  realized 
at  tne  outset,  that  various  conditions  would  affect 
the  results,  and  in  order  to  obtain  data  which  would 
be  of  any  value  and  also  comparative  between  systems 
of  different  volumes,  as  many  as  possible  of  tnu 
factors  influencing  the  operations  were  held  constant 
thruout  the  tests. 

The  limited  amount  of  tin.e  at  our  disposal  made 
it  impossible  to  extend  tne  tests  over  a  large 
niamber  of  installations  and  also  confined  our  ef- 
forts of  investigation  of  each  Sj'stem,  the  later  be- 
ing selected  from  general  types  only.   For  this 
reason  auxiliary  tests  were  made  at  t.iC  Under- 
writers laboratories  wnich  might  aid  in  generalizing 
to  some  extent  the  data  obtained. 

V;e  are  indebted  to  Profe.  sor  Taylor  for  the  method 
of  obtaining  the  approximate  volumes  of  the  systems 
and  for  suggestions  in  tiie  scneme  of  the  apparatus 
employed  in  carrying  out  the  work.   To  the  Chicago 
Board  of  Underwriters  for  their  cooperation,  and  to 
those  concerns  who  nave  kindly  permitted  the  use  of 
their  equipments,  ve  take  this  means  of  acknowledging 
our  appreciation. 


DESCRIPTION  OF  APPARATUS. 
Inasmucii  as  tr.e  actual  fusing  of  a  head  v^hile  in 
position  witii  the  accompanying  water  disc.arge  could 
not  be  considered,  it  became  necessary  to  devise  a 
method  to  replact  this  one  and  to  this  end  was  con- 
structed the  extension  shown  in  sketcn  on  Plate  11. 
This  consists  of  a  straight  piece  of  1^  incn  pipe, 
32  inches  long,  capped  at  one  end  and  terminating  in 
a  reducing  elbow  at  the  other,  v.-it..  a  1903  model 
Grinnell  sprinkler  head, modified  as  described  um.er 
"Preliminary  Tests,"  a  quick  opening  valve  and  a  brass 
vinion  placed  betv/een  the  extremities  in  t.ie  order  named 
beginning  at  the  closed  end.   The  reduced  section  of  t.ie 
elbow  is  fitted  with  a  ^   incr.  short  bras?  nipple,  the 
free  end  of  which  goes  in  the  fitting  ordinarily 
occupied  by  the  head  test.   In  making  up  the  parts, 
care  was  taken  to  ream  the  ends 
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of  the  nipple  and  the  lengths  of  pipe  before  plac- 
ing them  in  the  fittings,  ond  to  make  the  joints 
tight  against  air  pressure. 

To  take  care  of  the  first  water  that  arrives  at 
the  head,  there  is  suspended  fror;  the  extension  a 
galvanized  iron  tube  of  8  inch  diameter,  made  up  in 
3  teles  coping  sections,  each  3  feet  in  length,  thus 
permitting  adjustnents  for  different  iieights.   The 
function  of  the  tube  is  to  collect  and  direct  the 
discharge  into  a  basin  placed  on  the  floor  beneath 
the  head.  The   extension  while  in  place  is  supported 
through  the  ure  of  an  adjustable  standard  as  shown  in 
the  cut. 

PRELIMINARY  TE3T3. 

The  introduction  of  the  extension  into  the  system 
added  to  the  friction. loss  in  the  passage  of  air,  and 
to  correct  for  this,  it  was  first  necessary  to  find 
the  air  discharge  of  an  open  sprinkler  head.   For  this 
procedure  heads  of  different  types  were  placed  one  at 

a  time  on  the  experinental  piping  of  the  Under- 
writers Laboratory,  and  in  each  case  the  tirr.e  re- 
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quired  for  the  pressure  within  tne  system  to  drop  from 
50  lbs.  per  sq,  in.  to  5  lbs.  per  sq.in.  was  noted.   The 
results  of  these  testis  are  shown  under  data  recorded  as 
"Air  Discharge  of  ciprinkler  Heads", 

The  discharge  of  the  1903  model  Grinnell  head  was 
taken  for  our  purpose,  and  it  remained  to  bring  the 
delivery  of  the  extension  up  to  t;iis  valve.   This  was 
accomplisiied  by  reiLoving  the  frame  from  tae  t,st  i^ead, 
and  reaming  the  orifice  by  repeated  tria.l  s  until  ti.e 
desired  rate  of  fiov/  was  obtained.   The  data  for  tnis 
procedure  is  recorded  under  "Extension  Standardization", 

The  next  step  was  to  observe  the  retarding  action  of 
the  tube  and  modify  the  apparatus  to  overcome  t:iis,  if 
necessary.   The  results  shown  under  data  recorded  as 
"Retarding  Action  of  Tube"  led  us  to  believe  the  effect 
of  any  portion  to  be  inconsiderable,  and  we  tnerefore 
concluded  that  the  arrang  ment  would  yield  results 
approximating  those  which  would  be  obtained  in  actual 
practice.   All  data  was  taken  wit.i  a  stop  watc.i  and 
spring  gauges  so  that  tne  slight  inconsistency  of  the 
data  may  be  accounted  for  by  the  impossibility  of 
exact  accuracy,   Atmospneric  conditions  existing  on 
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the  different  days  during:  which  the  tests  were  con- 
ducted, may  accoimt  for  a  slight  variation, 

T  HE  AIR  METER. 

The  object  of  this  device  is  to  afford  a  means  of 
determining  the  approximate  volomes  of  the  systems 
under  test.   The  meter  shov.'n  in  sketch  on  Plate  1,  is 
made  of  ^  inch  pipe  provided  with  a  -^   inch  union  to 
permit  of  ease  in  erecting  an  elbov/,  a  1^  inch.L.R.D. 
globe  valve  for  tarottling,  a  1-|  inch  x  ij  inci:  x  1^ 
incn  tee  to  receive  a  pressure  gauge,  and  a  l-g  incn 
union  v/nich  contains  a  brass  diapnragm,  tne  latter  being 
pierced  by  an  orifice  of  1/8  Inch  diameter. 
Theory, 

By  maintaining  a  constant  pressure  on  the  orifice 
for  a  given  interval  of  time,  and  measuring  the  total 
volui.ie  delivered  during  this  period,  the  rate  of  dis- 
charfre  can  be  calculated  for  the  particular  nozzle 
pressure.   If  several  observations,  similar  to  the 
above,  but  viitu   different  pressures,  be  made,  a  curve 
showing  the  relation  between  nozzle  pressure  and  rate 
of  discharge  can  be  described  through  the  located 
points.   To  obtain  th  amount  discharged,  we  employed 
a  closed  vessel  of  a  knovni  volume  and  allov/ed  the  flow 
to  continue  f_r  a  predetermined  period. 
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Then  applying;  Boyle's  Law  to  the  condiditions  of 
pressure  and  volume  before  and  al'ter  the  run,  v,-e 
reason  as  follows:- 

P\  :   P'V  +  Q. 
or  Q  -   V(p-P') 
where  P  and  P'  are  expressed  in  atmospheres. 

V  =  Volu^ne  of  vessel. 
Q  B  Volume  discharged. 
It  will  be  noted  that  if  the  difference  between  P 
and  P'  is  one  or  more  atmospheres,  then  the  quantity 
delivered  v.'ill  be  equal  the  volume  of  the  vessel  or 
a  multiple  of  the  volurae.   In  calib»-rating  the  meter, 
advantage  was  taken  of  this  fact  and  the  results  given 
unt.er  this  title  in  tlie  data  record,  arc  these  obtain- 
ed wriile  it  was  operating  under  such  a  drop  in  pressure 
and  the  ca Lib-ration  curve  is  plotted  from  the  final 
values  of  tne  test.   The  divergent  nature  of  this 
curve  from  the  ordinary  parabolic  form  of  discharges 
against  pressures  may  be  accounted  for  by  eddy  currents 
occuring  in  the  portion  of  tne  meter  betv/een  the  vfl« 
and  the  orifice. 
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The  vessel  used  in  arriving  at  our  results  was  the 
nominal  five  hundred ^tank  of  the  Underwriter;:  labora- 
tory, the  exact  volure  of  w.;ich  v/as  predetermined. 
The  gauge  used  in  observing  the  dro'-  in  pressure  was 
a  Crosby  10  inch  dial,  reading  to  £00  lbs.  per  sq.  in. 
That  for  indicating  the  pressure  at  t:ie  orifice  was 
of  a  similar  design  but  a  3  inch  dial  reading  to  30 
lbs.  per  sq.  in.   The  final  reading  of  the  gauge  after 
each  run  was  taken  only  after  a  sufficient  time  had 
elapsed  to  insure  normal  temperature  within  tiie  tank. 
Atmosp.ieric  pressure  was  taken  as  14.5  lbs.  per  sq.in. 
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I>!ethod  of  Procedure. 

Our  first  step  in  woiking  on  a  systeic  was  to  obtain 
its  approximate  volume  by  means  of  the  Air  meter.   After 
the  meter  had  been  attached  to  the  vent  pipe  and  prope:- 
precautions  taken  against  leakage,  the  throttling  valve 
was  opened  and  adjusted  so  that  the  pressure  at  the 
meter  gauge  read  15  Ibs./sq.  in.   The  time  was  then 
taken  by  means  of  a  stop  watch,  for  tlie  pressure  on  tne 
sj'stem  to  drop  14.5  Ibs./sq.in.  as  recorded  on  the  main 
gauge,   x^eferring  to  the   ir  I'eter  calibration  curve,  vve 
find  that  at  15  lbs,  /  sq.in,  orifice  pressure  we  have 
a  rate  of  discharge  at  144  gal.  per  min,  wnich  multi- 
plied by  ti.e  time  would  give  the  required  volume  of  the 
system.   Our  results  would  then  be  checked  by  making 
anotJier  test  with  the  orifice  pressure  gauge  recording 
5  or  10  lbs./sq,in. 

After  this  data  had  been  obtained,  our  next  step  was 
to  blow  off  all  the  air  in  the  system  and  erect  th.  test 
apparatus  at  a  determined  position.   This  being  done,  a 
t«.p  on  the  riser  would  notify  the  men  in  the  valve  roon; 
to  set  tne  system.   A  signal  from  below  would  tell  tr.e 
operator,  all  v/ar-  in  readiness  aid   by  means  of  *vc  stop 
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watches  and  a  prearranged  code  of  signals,  the  men  in 
the  valve  room  were  set  in  time  with  trie  operator  ,  (one 
-minute  being  allowed  after  the  starti:!g  of  the  watche^;i 
The  valve  at  the  fitting  was  then  jerked  open  by  the 
operator  and  the  time  taken  by  him  from  that  instant 
until  the  arrival  of  water  at  the  ..ead.   In  the  valve 
room  the  air  pressure  drop  in  the  system  was  read  every 
5  seconds,  and  recorded  with  the  time  of  trip*  The 
system  was  then  drained,  at  which  time  a  signal  on  the 
riser  notified  the  operator,  who  would  replace  the  head 
and  proceed  to  the  next  location  for  another  test.   Two 
tests  were  made  on  each  floor,  one  at  the  rearest  posit- 
ion to  the  riser,  and  the  other  at  the  most  remote 
position, 

EXPLANATION  OF  DATA  SHEET, 
TEST  NO.    Referring  in  order  to  the  systems  operated. 
The  name  in  the  upper  right  hand  corner  refers  to  the 
place  of  installation, 

GRINNELL  VALVE (OLD)-  Refers  to  the  Ko.  12  model  of 
valve  Issued  by  the  General  Fire  Extinguisher  Com- 
pany, 

HEIGHT  OF  RISER-  Refers  to  the  total  height  in  feet  of 
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the  system  from  the  base  of  the  riser  to  the  upper 
line  of  sprinkler  heads  as  discriminated  from  the 
same  heading  below  which  refers  to  the  height  of  the 
riser  in  feet  froci  the  base  to  the  head  under  test. 

HEADS  PER  FLOOR.   Only  approximate,  some  systems  be- 
ing irregular. 

NULIBER  FLOORS-  Covered  by  system. 

NUMBER  OF  RUN-  Refers  in  order  to  the  tests  made  on 
the  system  in  which  the  above  data  applies, 

DI3'^ANCE-ni3ER-HEAD-  Number  of  feet  from  the  riser 
to  tne  head  under  test,  measured  along  the  system 
piping. 

T/l'ATER  PRESSURE.   Pressure  in  Ibs./sq.in,   recorded 
on  the  gauge  at  the  dry-valve  before  operation, 

FINAL  ^ATER  PRESSURE.   Pressure  in  lbs./sq,in.  record- 
ed on  the  gauge  at  tne  dry  valve  after  operation, 

AIR  PRESSURE-  Pressure  in  Ibs./sq.in.  recorded  on  the 
gauge  at  the  dry  v  alve,  before  operation.   Tuis  was 
alv/ays  kept  at  50  Ibs./sq.in.  for  the  sake  of  uniform- 
ity. 
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AIR  PRESSURE  AT  TRIP.   Pressure  in  Ibs./sq.^n.  recor  d- 
ed  on  the  gauge  at  the  dry  valve  when  the  trip  occur- 
red, 

TIIvIE  OF  TRIP-   Time  in  seconds  fron:  the  Instant  the 
systen  was  opened  at  the  test  fitting  until  tlje  valve 
triped. 

TI1!E  OP  VIATER,-  Time  in  seconds  from  the  instant  the 
systems  were  opened  at  the  test  fitting  until  water 
came  to  the  head, 

AIR  PRESSURE- BR OP-  This  heading  refers  to  the  date 
taken  in  the  valve  room  from  the  dry  valve  gauge. 
The  Time-  under  which  will  be  noted  0-5-10-15-  etc, 
in  a  vertical  colujnn  refers  to  the  seconds  after  the 
opening  of  the  system.   Opposite  these  ir  the  horizon- 
tal colur::ns  are  noted  the  air  pressure  at  that  in- 
stant for  the  various  test  as  recorded  above, 

PROBABLE  ACCURACY. 
It  is  not  to  be  supposed  that  witn  tne  time  at  our 
disposal  and  the  necessary  crude  method  of  operation, 
our  results  are  scientifically  accurate.   Our  depenS-- 
ence  upon  spring  gauges  introduces  a  possibility  of 
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error  which  It'  in:posL:ible  to  eliminate,  and  which 
could  only  be  reduced  to  a  rainimum  by  frequent  cali- 
bration and  careful  rcadlnr.   The  signal  systen  used 
coul.i  very  ea£3ily  account  for  an  error  of  a  second  each 
way  in  our  records.   On  account  of  ther.e   many  var'inble 
conditions  and  circur.slancer,  it  it  a  hard  matter  to 
ascribe  any  one  cauce  to  the  account  for  the  few  in- 
consistencies that  mar-  our  ret-ults. 

RESULTS. 

In  the  actual  tests  of  the  equipment  at  our  disposal, 
we  succeeded  in  keeping  th-  air  pressure  uniform  at  50 
lbs.  per  sq.  in.  but  the  water  pressure  necessarily 
varied  according  to  the  height  of  the  source  of  supply. 
An  air  pressure  of  50  lbs.  per  sq.in.  v/as  chosen  as  one 
most  nearly  approximating  the  pret-sure  found  in  actual 
practice.   A  curve  plotted  for  an;;-  single  test  from  the 
data  recorded  as  "Air  Pressure  Drop"  would  enable  one 
to  transpose  the  results  to  any  single  pressure  below 
this  value. 

The  work  conducted  at  the  Underv/riters  Laboratories 
under  the  ,.ead  of  "Variable  Pressure  Test"  ;.a::  given  us 
sufficient  data  to  enable  an  approximate  transposition 
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and  generalization  of  water  pressure.   In  running 
these  tests  we  ci.ose  a  head  on  the    system  a  con- 

sider-ible  distance  from  t.ie  riser  to  insure  a  rea- 

.l;  r 
sonable  ti..  e  delay.   The  water  pressure  on  eac^i  run 

was  50  lbs,  per  sq.in.  but  t.ie  water  pressure  was 

varied  from  40  lbs,  per  sq.  in,  to  120  lbs.  per  sq.in. 

Owing  to  an  inability  to  obtain  a  higher  pressure  'the 

curve  shows  points  only  to  tiiat  pressure,  but  the 

tendency  toward  a  straight  line  is  so  marked,  tnat  we 

have  felt  reasonably  sure  of  its  continuity.   T/.erefore, 

in  order  to  reduce  the  results  so  as  to  be  effective 

at  other  water  pressures  we  ua.ve   but  to  multiply  the 

difference  in  the  ti:vo  water  pressures  by  the  tangent  of 

one  half  the  angle  (le*")  or  ,286,  and  add  or  subtract 

the  result  in  seconds  to  or  from  the  "Time  of  ".Vater," 

as  the  water  pressure  is  lower  or  higher  t  lan  that  in 

the  recorded  test,   V,e  do  not  wish,  however,  to  lay 

emphasis  on  this  unscientific  analogy  for  results  of 

this  nature  would  completely  ignore  such  factors  as 

the  volume  and  general  characteristics  of  a  system, 

CURVES. 
An  attempt   has   been  made   to    tcrvrrelate  the   data 
obtained   in   the   nature   of   curves  plotted   to    show 
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the  relation  betv/een  tlie  time  intervol  and    the  hei^rht 
of  rificr.   In  doinj^  this  we  liave  plotted  separate  curves 
for  the  rerultc  obt'^ined  nearest  the  riser  and  furthest 
from  the  riser,  and  follo'/.ed  these  by  describing:  a  trip 
point  curve  in  order  to  note  any  inconsistency  arisin,^^ 
in  the  operation  of  the  valve. 

System  No. I.   Durand  &-  Kasper-Union  and  Lake  'treet, 
Chica/To-protecting  the  wect   building  and  extendinf  from 
tiie  basement  to  the  seventn  floor,  a  height  of  95  feet. 
V.e  find  that  there  is  a  general  tenden'^y  for  the  trip 
point  curve  to  more  or  less  sliape  itself  to  the  water 
curve  and  of  course  gradually  diverging  as  the  height 
of  riser  increased.   One  r.arked  result  is  that  v;e  do  not 
find  any  appreciable  tendency  for  the  tine  interval  to 
increase  with  tlie  height  of  riser. 

Systems  No.  XC  and  HX  at  Durand  &  Kasper.   These 
two  Gysten:s  protect  the  east  building  and  arc  divided 
horixointal iy ,  No.  1Z   covering  the  three  top  floors  in- 
cluding amezzanine  portion,  and  No,  HX  covering  the 
lov<er  floors.   Hei  e  again  we  find  more  or  less 
irregularity  as  v/ould  be  expected,  but  nothing  tiiat 
v/ould  lead  us  to  new  conclusions. 
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Systens  I,II,  HI,  and  Iff  al  ;:arsiiall  T^ieldi  &  Co .  , 
warehouse,  Polk  Street  snd  the  Chicaro  riv.r.   Tlie 
bui'-dinf  is  13  etoriee  high  ant'  is  ;  rotected  in  the 
north  portion  of  the  earl  buil'ling  by  four  systems, 
divided  horizontally,  "o .  X  covei'inr  tne  barercent  and 
first  three  floors.  No.  Uncovering  the  next  fowr 
floors.  No.  HX  the  next  three  floor:.-,  anvl  Ko.  12", 
the  upper  three  floors.   It  v/ill  be  noted  along  with 
the  other  characteristics  mentioned  above,  that  the 
water  curves  on  t;.iE  sheet  seen  to  show  a  tendency 
to  follow  eacii  ot;.er  iLore  or  less.   The  dip  on  the 
110  foot  height  .may  be  partly  accounted  for  by  th(- 
initial  air  pressure  being  only  48  lbs.  per  sq.in. 
?.'e  yield  results  ant.!  no  theories  in  regard, to  the 
otr:er  irregularities  encountered. 

CONCLUCION. 
In  conclusion  we  state  that  two  important  factors 
influence  the  operating  time  of  a  dry  pipe  sprinkler 
syster-.,  nairely  air  discharge  and  water  friction  in 
pipes,  all  other  things  being  equal.   Of  these  two,  the 
first  is  by  far  tlie  cost  i.T.portar.'l ,  and  is  considerably 
affected  by  t.ie  size  and  length  of 
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piping  thru  which  it  discharges.   A  fact  worth  noting 
is  that  the  time  delay  is  only  very  slightly  effected 
by  the  neight  of  riser.   No  dry  pipe  sprin  kler  system 
should  take  more  than  1  minute  and  30  ceconds  to  tnrow 
water  on  a  fire  that  has  fused  a  head. 
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